Background: Currently, protection against the damaging effects of UV radiation is most commonly accomplished by use of a topical sunscreen. This protection is effective but localized.
Introduction
Sunlight is the main environmental factor influencing human skin. Numerous publications have shown the negative effects of UV Rays, including inflammation, elastosis, wrinkles, pigmentation disorders, melasma, or melanoma [1] [2] [3] [4] .
UV exposure results in direct damage to DNA (destruction) and indirect damage mediated by free radicals formed as a result of this exposure. It is commonly agreed among physicians that any skin-care or skin health strategy should include photoprotection as a leading element.
Sun avoidance is considered the most effective form of photoprotection, but it is not an available option for most. A usual compromise includes clothing, shading and sunscreen application, all delivering their effect externally, from the outer surface of the skin. We now introduce an additional photoprotective aid, delivering its effect from within the body onto the outer surface of the skin.
Damaging UV phenomena are undesirable across the full spectrum of organisms in nature, including humans, plants and yeasts. To battle these phenomena, exposed organisms have developed a variety of biological mechanisms. One example of such photoprotective mechanism, as seen in carotenogenic plants and microorganisms, is the production and accumulation of carotenoids in the exposed cells.
Carotenoids are a family of over 600 members able to absorb various parts of the sun light spectrum and quench free radicals generated in biological systems, as a result of UV radiation among other causes. As such they are a natural form of photoprotectants. Humans are not able to produce carotenoids but they are able to accumulate carotenoids from their diet [6] . Colored carotenoids such as Lycopene and β-carotene are already used in dietary supplements to protect the skin from lightinduced damage. Often, though, oral or topical use of these strongly colored carotenoids at concentrations delivering photoprotective effect will impart a yellow, orange or reddish coloration to the skin. Thus, the use of carotenoids devoid of visible color, which will therefore not directly affect skin color, yet impart a photoprotective benefit would be strongly preferred.
Phytoene and Phytofluene are members of the carotenoid family, being the precursors for all other carotenoids in nature. These carotenoids absorb light in the UV range, with Phytoene absorbing in the UVB range (λ max 287nm) and Phytofluene absorbing in the UVA (λ max 348nm and 366nm); they do not absorb light in the visible range and are thus devoid of visible color, offering as will be shown here, a A secondary goal was to assess skin quality parameters on the subjects' face such as dryness, roughness, suppleness, evenness of complexion and skin texture. Evaluation of skin quality parameters according to the secondary goal was performed separately both by an expert clinician and by study participants.
Subjects
The study was performed on 22 healthy female subjects aged 20-40 having given their informed consent. The average age among the study population was 24 ± 1 year. All subjects recruited qualified as skin phototype II.
Exclusion criteria
Subjects which were either pregnant, lactating or presenting known allergies to food were excluded from the study as well as subjects suffering from systemic diseases using concurrent therapy that may interfere with the evaluations foreseen in the protocol.
Localization of measures
The MED was measured on the back, while clinical evaluation and self-evaluation were performed on the face of the panelists;
MED determination
The MED was measured on the back of the panelists before they started taking the supplement (D0), then after 41-42 days (22 subjects) and 83-84 days (20 subjects). The irradiation was done on days -2, 41 and 83 while the measurements were done on days -1, 42 and 84 (16 to 24 hours after irradiation).
The dose determined for MED at time -2 (MED -2 ) was then used for the 1.25 MED exposure throughout the study. Other data supports that Phytoene and Phytofluene act as freeradical quenchers, DNA protectors and anti-inflammatory agents, offering relief of undesirable phenomena. Aust et al. have shown that supplementation of the diet with Lycopene or with tomato extracts comprising carotenoid mixtures of Lycopene, Phytoene and Phytofluene decreases erythema intensity after UV irradiation [5] . This effect was correlated to increased levels of the colorless carotenoids Phytoene and Phytofluene in the extracts.
Hatta et al. have shown that when added to the diet, Phytoene and Phytofluene tend to accumulate in the skin and therefore result in a higher concentration in the skin [6] . The accumulation of these carotenoids in the skin increases their availability to exert their photoprotective effect on the surface during UV exposure. Their UV absorbing, anti-oxidant and anti-inflammatory attributes offer a global photoprotective effect.
To assess in humans the photoprotective effect of orally consumed Phytoene and Phytofluene, a clinical study was conducted. The source for Phytoene and Phytofluene, a tomato powder rich in colorless carotenoids and poor in strongly colored carotenoids, namely PhytoflORAL®, was provided courtesy of IBR Ltd.
Material and methods
The clinical trial, an open intra-individual study where each subject is his own control, was conducted at Dermscan Poland from January 11 to April 12, 2013. The clinical trial was conducted according to the Helsinki Declaration (1964) and its successive updates, under GCP-ICH compliance. Product safety was followed throughout the test period through the collection and reporting of adverse effects.
Product
A tomato powder rich in the colorless carotenoids, Phytoene and Phytofluene, was formulated into an oral supplement; the daily dose of the supplement was equivalent to 5mg of Phytoene and Phytofluene a day.
Goals
The primary goal was to assess the photoprotective effect of the study product by (a) determination of the MED of the skin of the subjects' back and observation of its evolution over the study duration; and (b) measurements of erythema on the subjects' back after exposure to 1.25 MED, and observation of this erythema's evolution over time. Oppen At D1, D41 and D83 one UV exposure was done on a zone of 9 cm 2 at the dose of 1.25 MED -2 . The same dose was used at all subsequent study time points.
Skin erythema
The skin erythema was measured after irradiation with 1.25MED using a Minolta CM700-d Spectrocolorimeter® equipped with an 8mm diameter head, at the same time intervals (respectively 19 and 18 subjects);
The Spectrocolorimeter® expresses colors perceived by the human eye as a digital code composed of three parameters:
• L*: for clarity (from dark to light),
• a*: for the green-to-red spectrum, Oppen-Bezalel L (2015) The photoprotective effects of a food supplement tomato powder rich in phytoene and phytofluene, the colorless carotenoids, a preliminary study The higher the ITA° is, the lighter the skin is.
Measurements were done at each kinetics time point before and after exposure to 1.25 MED D-2 . The difference between measurements before and after exposure was calculated. This difference was then compared between the basal measurement at D0 and the measurements at D42 and D84.
Clinical scoring
At each time point D0, D42, and D84 the investigator scored the panelists' facial skin using a 9 points scale for the following characteristics: dryness, roughness, suppleness, evenness of the complexion and skin texture.
Self-assessment
A subjective questionnaire was prepared, and filled by the panelists at the beginning (D0), at the middle (D42) and at the end (D84) of the study, to subjectively evaluate the efficacy of the product and its effects on skin characteristics. The subjective questionnaire was based on a ten point scale with 10 being best scoring per each parameter being evaluated, for example, evaluation of skin smoothness or hydration with 0 being very rough or very dry to 10 being very smooth or very hydrated respectively.
Compliance
One subject dropped out of the study because of a skin reaction apparently unrelated to the test product, and one subject was excluded because of excessive sun exposure during the study.
Results

MED evolution
The MED was unchanged after 42 days. However, after 84 days the MED increased significantly (p<0.01) by, on average, 10%. The effect was noticeable in 65% of the subjects, which saw their MED value increase by an average of 20%, while the remaining volunteers had no significant change (Table 1) . These results characterize a photo-protective effect and confirm indirectly that the colorless carotenoids Phytoene and Phytofluene, when ingested, concentrate into the skin. Further, the timings observed (lag time before significant MED increases are observed) give some insight into the kinetics of this accumulation, indicating that it is a relatively slow process.
Spectrocolorimeter measurements
After 42 and 84 days of product intake no significant variation of the spectrocolorimeter parameters was measured (Table 2) . These results highlight and confirm that due to their lack of visible color, Phytoene and Phytofluene do not color the skin (as opposed to colored carotenoids like β-carotene or lycopene), at the same time providing a photoprotective effect while causing no skin darkening or reddening.
Clinical scoring of skin quality
Clinical scoring of the skin quality was significantly improved in 60 to 86% of the panelists after 42 days and in up to 90% of the panelists after 84 days (Table 3) , across all parameters evaluated. Of particular interest, 95% of the subjects had improved skin evenness.
Panelists' self-assessment
The panelists' self-assessment confirmed the findings by the clinician above, showing perception of great improvement of skin quality parameters after 42 and 84 days of use including skin radiance, suppleness, evenness, smoothness, moisturization, elasticity, visible skin health, visible skin youthfulness, and overall skin beauty, as well as skin resistance to UV.
Tolerance
No relevant cutaneous symptom was observed or reported after 84 days of product intake.
One subject reported frequent and unusual headaches from day zero. She did not have headaches before and these stopped when she stopped the product on day 42.
Conclusions
Under the study conditions, a food supplement containing a tomato powder rich in Phytoene and Phytofluene, the colorless carotenoids:
• Presented a significant photoprotective effect after 84 days Oppen-Bezalel L (2015) The photoprotective effects of a food supplement tomato powder rich in phytoene and phytofluene, the colorless carotenoids, a preliminary study of product use as observed in the significant increase of the Minimum Erythemal Dose (MED) by, on average, 10%. The effect was noticeable in 65% of the subjects which saw their MED value increase by 20%;
• Induced a significant improvement in skin quality after 42 and 84 days of use shown by:
• Clinical scoring by the dermatologist: significant improvement in skin dryness, roughness, suppleness, evenness and texture;
• Subjective evaluation questionnaire completed by the subjects: improvement in skin radiance, evenness, hydration, smoothness, suppleness, elasticity and irritability. Study subjects found their skin more resistant to sun damage, more beautiful and visibly younger and healthier;
• Was globally well tolerated with no relevant cutaneous side effects. A single subject suffered from possibly product-related headaches.
The number of subject was too small for a full assertion of the effect and a further study with more subjects will be advisable. Nevertheless the study provides direct evidence that dietary supplements containing a tomato powder rich in the colorless carotenoids Phytoene and Phytofluene, can help protect the skin against UV damage, providing a significant photoprotective effect. The increase in MED also shows that these colorless carotenoids do migrate and accumulate into the skin and help improve the skin's general condition, as shown by substantial improvements in both clinical and self-evaluation of the skin.
